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Formation of acyl and alkenyl glycerol derivatives in Clostridium butyri- 
cum 
The mechanism of synthesis of plasmalogens is not currently known, but the 
incorporation of labeled phosphate, acetate, fatty acids, and fatty aldehydes into 
plasmalogens has been described for intact systemsl-B. Such isotopic studies have 
suggested a variety of pathways leading to the synthesis of plasmalogens. Among 
these proposed pathways are the dehydrogenation of the alkyl ether bond, the reduc- 
tion of an acyl ester bond, and the dehydration of the hemiacetal formed by the 
condensation of a fatty aldehyde and glycerol. In the present study, we have observed 
the incorporation of labeled glycerol into diacyl phosphoglycerides and alkenyl acyl 
phosphoglycerides of Clostridium butyricum. 
C. butyricum (ATCC 6015) was grown anaerobically at 37O in a medium, de- 
scribed by WOLFE AND O’KANE~, containing added salts and using alkaline pyrogallol 
plugs8 to maintain anaerobic conditions. Cells were collected by centrifugation during 
mid to late log phase, washed with 0.03 M sodium phosphate (pH 7.0) and resuspended 
in fresh medium in the presence of labeled glycerol. After incubation at 37”, lipid ex- 
tracts were prepared as described by GOLDFINE AND BLOCH~. 
TABLE I 
INCORPORATION OF [@HIGLYCEROL INTO DIFFERENT LIPIDS OF C. butyriculn 
Cells from 150 ml log phase cultures were resuspended in IZO ml of fresh medium in the presence 
of 50 & of [z-3H]glycerol (2.5 C/mmole). Cells were sedimented at indicated times and a total 
lipid extract was prepared. Aliquots of the total lipid extract were separated on a o.37-mm layer 
of Silicia Gel HR using a solvent system of chloroform-methanol-water (65 : 25 : 4, by vol.). The 
lipids were visualized by spraying with I y0 Iz in chloroform, and after the I, was completely re- 
moved, the individual bands of the plate were scraped and assayed for radioactivity in 6 ml of scint- 
illation fluidr3. Recovery of radioactivity was greater than 9o”/b in all experiments. 
Band* RF Identzty “/o of 3H incorporated 
$20 min 180 min 
I I.0 Solvent front 3 4 
3 0.75-0.82 Unknown 16 r7 
6 0.47-0.53 Ethanolamine phosphoglycerides** 30 31 
8 0.29-0.36 Glycerol phosphoglycerides* * * 3.5 33 
II 0 Origin I I 
- 
* No more than 4% of the counts were in any unreported band, or 15% in all unreported bands 
combined. 
* + Include phosphatidyl ethanolamine and phosphatidyl monomethylethanolamine. 
* * * Include phosphatidyl glycerol and cardiolipin. 
Table I summarizes the incorporation of [@HIglycerol (Amersham-Searle; 
99%) into lipids by C. bdyricum. A partial resolution of the total lipid extract by 
thin-layer chromatography yielded three major radioactive bands, all three of which 
gave positive tests for the presence of organic phosphoruslO and the alkenyl ether 
bond (1% H&I, in acetic acid followed by Fuchsinll reagent). Glycerol phosphogly- 
cerides (phosphatidyl glycerol and cardiolipin) and ethanolamine phosphoglycerides 
(phosphatidyl ethanolamine and phosphatidyl monomethylethanolamine) contained 
about 30 and 35%, respectively, of the incorporated glycerol while a third unidenti- 
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fied phosphorus-containing lipid contained about 159'~ of the incorporated glycerol. 
Attempts to demonstrate the presence of isotope in glycerides or fatty acids by 
thin-layer ~hrolllatography showed small quantities (less than IO:~ of the total) of 
isotope in these compounds. Treatment of the lipid extract with sodium methoxidert 
or with acid followed by alkali revealed that less than zo)/o of the label was present 
in the aliphatic side chains. 
TAHLE II 
RELATIVE I~CORPORATIOK OF [z-3H]czucFSmL INTO DIACYL AXI) ALKEKYL ACYL PROSPHO- 
GLYCERIDES 
Aliquots of the total lipid extract were treated with z mg phospholipase C (B. cere~s) for r5 min 
in a reaction mixture containing 2.5 @moles CaCl L, 1.0 ml of 0.1 M Tris-maleate (pH 7.4) and 1.0 ml 
of diethyl ether. The aqueous layer was twice extracted with 4 ml of ether. After the ether had 
been removed under nitrogen, the lipid residue was applied to a o.37.mm layer of Silicia Gel HI<, 
and the plate was developed in a solvent system composed of chloroform-acetone (98: 2.5, by vol.). 
The assay for radioactivity is described in Table I as are the conditions of the inc~l~tion. 
--__. 
Componfni JlF 96 of vecovered isotope* ___ ___~..___ 
yo min 180 min 
____ ..- -___ 
Alkenyl acyl glycerol 0.45-0.53 29 32 
Intermediate band O.$+-O.L&.$ I 2 
I ,2-Diacyl glycerols 0.31-0.37 40 36 
Origin 0 20 26 
_._-- ______ -- -__- _~_ _._. ~ 
* The recovery of counts as lipid ranged from 40 to 60:/b. Chromatography of the products in the 
solvent system described in Table I revealed that 85 to 95O/b of the radioactive phosyholipids had 
been hydrolyzed. Such data suggest that a significant portion of the [SH]glycerol was in the non- 
acylated portion of phosphatidyl glycerol and removed in the aqueous layer as glycerol phosphate. 
The incorporation of [3-H]glycerol into plasmalogens was estimated by meas- 
uring the incorporation of label into alkenyl acyl glycerols and r,z-diacyl glycerols 
which were prepared from the total lipid mixture by treatment with phospholipase C 
from Bacilhs ceYetiP. Table II shows that [3H]glycerol was present in both the 
alkenyl acyl glycerols and diacyl glycerols with the diacyl fragments containing more 
isotope. Variations, however, were observed in the ratio of isotopes for the diacyl 
glycerols to alkenyl acyl glycerols from experiment to experiment. 
The experiments summarized in Table II show that C. b~~t~~~c~~rn i corporated 
exogenous [3H]glycerol into both diacyl and alkenyl acyl phospholipids, but the 
pathway by which the glycerol was incorporated into plasmalogens is not apparent. 
Recent studies of SNYDER et al. 14~15 demonstrated that synthesis of the alkyl ether 
bond can occur via the condensation of glyceraldehyde 3-phosphate and long-chain 
alcohols with subsequent formation of a I-alkyl-z-keto derivative. .4n alkyl glycerol 
produced by such a pathway could serve as precursor for the alkenyl glycerols in a 
manner described by THOMPSON~~. The possibility that such a mechanism might be 
operative for the synthesis of plasmalogens in C. butyricum was tested by estimating 
the incorporation of a mixture of [z-3H]glycerol and [‘*C]glycerol (International 
Chemical and Nuclear Corp. ; 99%) into lipids of C. bwtyricthna. If the synthesis of the 
vinyl ether bond occurs via the mechanism outlined above, the ratio of 3H/1*C in 
plasmalogens would be essentially zero since the 3H at Position z of glycerol would 
be labilized during formation of the keto derivative. 
Table III shows the ratio of sH/l*C in the total lipids, glycerol phosphatides, 
ethanolamine phosphatides and the r,z-diacyl glycerols and alkenyl acyl glycerols 
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TABLE III 
INCORPORATION OF [@HIGLYCEROL AND [14C3]~~~~~~~~ INTO LIPIDS BY C. butyricum 
The experiments were as described in Tables I and II. Results are expressed as the ratio of 3H 


































derived from the total lipid extract. The ratio of 3H/14C in the total lipids exhibited 
considerable variance (2s6), but the ratio was always greater than that of the glycerol 
(1.32) supplied to the bacteria. The ratio of 3H/14C in the glycerol or ethanolamine 
phospholipids was similar to the ratio observed in the total lipid extract. Likewise, 
the 3H/W ratio of diacyl glycerols and alkenyl acyl glycerol was similar to that of 
the total lipid extract. 
Our results indicate that the hydrogen at Position 2 of glycerol was not labilized 
during the incorporation of glycerol into plasmalogens. Such a finding precludes the 
possibility of the pathway described by Snyder serving in the formation of alkenyl 
derivatives in C. butyrica4m. In addition, the pathway described by HAJRAI~ does not 
seem involved in converting the glycerol to lipid. The similar 3H/14C ratios for the 
diacyl glycerol and alkenyl acyl glycerol units of different classes of phospholipids 
suggest that a common pool of glycerol, enriched in [2-3H]glycerol, served as the 
precursor of both types of phosphoglycerides in this organism. 
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